and a higher song repertoire size. We conclude (1) that it is not necessary to invoke female deception, which had been favoured in explaining polygyny in our population (2) that ecological conditions for polygyny are suboptimal in our study area but there seem to exist enough predictable differences in breeding situations to allow female choice and (3) that females base their mate choice on both male characteristics and territory quality, and that these factors are positively correlated.
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In this study we investigate some selected aspects of polygyny and breeding ecology in a German Great Reed Warbler (Acrocephalus arundinaceus) population. We mainly examine reproductive success of females with different mating status as well as factors influencing male mating status by analysing long term data. In an earlier paper (CATCRPOLE et al. 1985 ) the female deception hypothesis was favoured in explaining the occurrence of polygyny in this population because secondary females showed greatly reduced breeding success and did not seem to be compensated for this cost of polygyny. Thus, it was speculated that secondary Gread Reed Warbler females were deceived into polygynous pairings by being unable to assess the mated status of a male. Here we concentrate on new findings which may help to evaluate the deception hypothesis. This paper draws information from two data sets: (1) from a long-term population study of a partly colour-ringed Great Reed Warbler population started in 1973 (BEIER 1981) , including the analysis of nest cards, and (2) from a very detailed field study in 1982 during which various male and territory characteristics were collected.
STUDY AREA AND METHODS
The main study site is the core area of the "Frankische Weihergebiet", a fish pond area northwest of Erlangen in Northern Bavaria (49* 40'N, 10*51'E, 290m a.s.l.). This pond area is situated in an undulating landscape and comprises about 300 fish ponds. Fish farming is a traditional kind of land-use, having been practised for centuries. The area consists of poor sandy soil, and consequently the carp ponds are surrounded by meadows, small forests of pine (Pinus) and oak trees (Quercus), and some fields. The small and usuall only 1 m deep ponds are laid out in groups or chains. Reeds (Phragmites australis) grow in many of the larger ponds, especially along the banks/edges, but can cover larger areas in less extensively used ponds. Often bushes such as willows (Salix) grow along the dams, which are used as foraging sites by adult and juvenile Great Reed Wablers alike. For further description of the area see BEIER (1981) .
Part of the area is protected landscape and two pond complexes were designated nature reserves in 1983. The study was started in 1973 and controls have been carried out at least weekly each year from the end of April onwards during the whole breeding season and every second day during the peak breeding season in June. Singing males were mapped and all reed beds searched for nests. Colour ringing of males started in 1975, and of females in 1977. The majority of unringed males were caught in mist nets after territory establishment with the aid of playback. All nestlings were banded with metal rings.
Out of 770 nest record cards we could analyse 428 for which at least one parent was known according to its colour ring combination. As not all parameters were available for each of the 428 nests sample sizes may vary accordingly.
For 1983, only limited information about nests is available as we could not obtain a research permission for that year. The long term data offered the opportunity to test whether age influenced the mating status of males and females. Many birds were of "known" age since they had either been ringed as nestlings or colour-ringed as adults in previous years. Therefore, we had two types of information about age: exact age and minimum age. In 35% of males (n=381) and females (n=312), the exact age was known.
In an extension of our investigation of 1981 (CATCHPOLE et al. 1985) in 1982, we collected data on the following 14 male and territory characteristics from 29 colour-ringed males (22 monogamous, 4 polygynous, 3 unmated, cf. Table 2 ). Three physical traits of the males (wing length (1), weight (2), and the length of the cloacal protuberance (3)) were measured during the ringing process. (4) Age (see above). Repertoire size (5) was analysed by C. CATCHPOLE from recordings which had been taken soon after the males' arrival and territory establishment. We tested the aggression of males in the following experimental set up: a tripod with a speaker and a dummy were placed in a central part of a male's territory. In one trial, a tape with long song (CATCHPOLE 1983) of four minutes was played back to the territorial male. We then noted the latency of approach of the territory owner (6), the time the male spent near the speaker (7) and the nearest distance to the speaker (8).
About one week after egg laying had started in the population, we caught the males and took blood samples to get information about their hormonal state, 35 days later we blood-sampled the same males a secondd time. J.DITTAMI analysed the blood samples and supplied the data about LH (9), corticosterone (10) and testosterone (11) levels.
We measured three ecological properties: territory size (12): the defended space was estimated from detailed maps and involved both observations and play back techniques but did not include foraging sites outside; acceptable reed (13): this is the area of sufficient quality for nesting; and edge length (14): this is the length of the water-reed interface important for feeding and nesting ecology (LEISLER 1989 (LEISLER , 1991 .
Status of colour-ringed males was defined as follows: polygynous males defend two separate nests, mongogamous males defend only one nest and unmated males have no nests. In polygynous matings the status of a female as a primary or secondary female was determined according to the onset of egg laying. The few (n =4) tertiary females were treated as secondary females . The significance level was set at<0.05.
RESULTS

1) General breeding and polygyny data
The average number of the males present and studied during a 15-year-period amounted to 30 per year (variation 13-54). During the early years, this was only part of the population in the area, but after a decline of the population in the early 1980s (LEISLER 1989) the number now comprises almost all the males present. The rate of polygyny varied between 4.3 and 21.4% with an average of 11.3%. Polygynous matings were compensated by an equal rate of unmated males (x=13.9%, 2.5-27.2%). About half of the breeding birds returned to the study area to breed at least one more year (48% of 302 males and 45% of 246 females). Out of the returning birds almost 70% of the males and 55% of the females could even be found at the same breeding site (i.e. pond complex). As found in other studies, (e.g. DYRCZ 1986 , EZAKI 1990 , BENSCH 1993 ) the breeding of polygynists set in earlier than that of monogamists ( Fig. 1) .
2) Breeding statistics of females with different mating status In Table 1 some breeding statistics are given for nests of monogamous, primary and secondary females. Clutch size was slightly higher in primary females than in secondary (n.s.) but significantly higher than in monogamous females (P<0.001, t-test), whereas monogamous and secondary females did not differ. The number of hatched young did not differ significantly between the three female groups. Hence, females breeding with already mated males did not experience a significantly reduced hatching success. nestlings of secondary females was the main cause for the reduced breeding success. Thus, relative breeding success of secondary females compared with monogamous pairings was 0.79. However, the average fledging success of monogamous females breeding simultaneously with secondary females was 2.6 (n=118) in the 14 years for which comparisons were possible. This did not differ significantly from the success of secondary females (x=2.2, n=56, t-test), i.e. relative breeding success of secondary females for this period was 0.85 but varied considerably between years (0 -5.95).
3) Return rate of nestlings
We compared the proportion of fledglings recorded as recruits to the breeding population in order to contribute to the prime problem whether females that chose mated males (secondary females) experienced a reduced fitness compared to primary or monogamous females. The percentage of fledglings recruited to the breeding population was by far the highest in primary broods (13.2%, P<0.01) but lower in monogamous (5.9%) and secondary broods (4.5%), which themselves did not differ (G-test). The return rate of recruits from monogamous and secondary broods was not influenced by differences in their sex ratios as these were exactly the same in both groups. This implies that offspring quality of secondary females is not lower than that of monogamous females.
4) Age
The oldest male in the population reached 11 years and the oldest female 10 years. In Fig. 2 the percentage of males in each status group is given for the five age classes. Monogamous males formed the bulk in each age class, the proportion of unmated males decreased, whereas the proportion of polygynous males dramatically increased with age. The differences between all age classes is highly significant (P<0.001, G-test), although the difference between the first three classes was not. Data on the females were analysed in the same way. Fig. 3 shows the percentage of females in each status group for the five different age classes. Although there was a tendency for the proportion of monogamous females to decrease with age, the overall difference is not significant (P=0.1, G-test).
5) Male vs territory quality
To assess the relative importance of male and territory quality we analysed the 1982 data set. Using univariate comparisons we found marked differences between 1) Results given of first blood samples (see "Study Area and Methods") unmated, monogamous, and polygynous males in some of the 14 variables, and subtle or no differences in others ( Table 2 ). The three male groups differed most significantly in edge length. Reed edge was most pronounced in territories of polygynous males and least in unmated males with monogamous males being intermediate.
Other differences were found in age, latency of approach to the speaker and repertoire size with polygynous males being oldest, reacting slowest and having the largest repertoires, respectively.
A second step in our analysis was to look at combined differences between the three male groups by using a discriminant analysis. Its results are also set out in Table 2 , which shows correlations of the 14 variables with the first two discriminant axes. The discriminant axes 1 and 2 explain 68.0 and 32.0% of the total variance, respectively. In addition to the factors mentioned above some other characters were seen to differ between the three groups. The correlation coefficients indicate the contribution of each of the 14 variables to the separation of the three groups: discriminant axis 1 is strongly. influenced by edge length, latency, time near speaker and repertoire size. Discriminant axis 2 has correlations with wing length, cloacal protuberance, age, again with repertoire size and LH. As can be seen from Fig. 4 , the two axes separate the three male groups completely. Polygynous males had longer edges, lower aggressiveness and larger repertoires than both other groups. The three male groups are not quite as strongly separated 
DISCUSSION
One finding of this study was that the frequency of polygyny in our population (11%) was comparable to that in another Central European population (14%, DYRCZ 1986) but was rather low in comparison to rates reported from other regions, e.g. 40% in a Swedish population (BENSCH 1993 ) and 27 and 46% at two Japanese localities (URANO 1985 , EzAKI 1990 . Despite annual variations in the polygyny rate, large scale differences seem to be consistent between the areas studied. Possible ecological factors responsible for this, such as differences in habitat heterogeneity or in the breeding situations for females, have not yet been compared. As described in other Great Reed Warbler studies (e.g. URANO 1985 , DYRCZ 1986 we found that the occurrence of polygynous males was more or less watched by a similar number of unpaired males. In territories of polygynists breeding started earliest and egg laying of primary females began 10 days earlier Augus 1995] Factors affecting polygyny in Great Reed Warblers 177 than in secondary females. Thus, the time interval between nestling cycles of harem mates was higher in our population than in Poland (DYRCZ 1977) and Sweden (BENSCH 1993) but shorter than in Japan (EZAKI 1990 , DRANO 1990a . Table 1 illustrates that females which mate already mated males suffer a cost compared to females in monogamous breedings, in so far as they fledge fewer young. However, our long-term study revealed a much higher relative breeding success of secondary to monogamous females (0.79) as compared to the figures from two years discussed in an earlier paper (0.33 and 0.68, CATCHPOLE et al. 1985) . The more appropriate comparison of relative fledging success of secondary females with simultaneously breeding monogamous females demonstrated an even higher figure of 0.85, which is comparable to that given for other populations (URANO1985, DYRCZ 1986). We also found that the percentage of fledglings recruited to the breeding population did not differ between monogamous and secondary broods. In their review on polygyny in birds, SLAGSVOLD & LIFJELD (1994) demonstrated that secondary females generally have a reduced reproductive success compared with simultaneously monogamous females. This does not necessarily contradict the polygyny threshold model (i.e. direct compensation through breeding situation) as the difference in breeding success may arise from a restricted mate search by females (JANETOS 1980) . Moreover, several mechanisms have recently been described by means of which secondary female Great Reed Warblers may get additional compensation for the cost of polygyny (BENSCH 1993) .
Following our new results, it is not necessary to adopt the female deception hypothesis to explain polygyny in our German Great Reed Warbler population, and recent observations shed new light on this subject. Clearly, the Great Reed Warbler is a monoterritorial species and recent papers have shown (1) that it should be rather difficult for a male to hide his marital status, (2) that in many cases females choose males of which they know the mated status, and (3) that prospecting females are sometimes delayed in their settling, but will rarely be prevented from doing so by resident females, and that female aggression often results in an hyperdispersion of nests (BEIER 1981 , EZAKI 1981 , CATCHPOLE et al. 1985 , DYRCZ 1986 , URANO 1990b , BENSCH & HASSELQUIST 1992 . However, paired males may try to use the deception tactic quite regularly (1) by becoming polyterritorial, or (2) by moving long distances within their large territories when they shift their songposts (cf. also DYRCZ 1986). In our study area the low population density and large territories might facilitate this tactic, whereas it could hardly be performed in the small territories studied in Japan.
Another interesting result of our long-term study is that age influenced mating success at least in the males. As has been found in other relatively long-lived songbird species (e.g. the European Starling, Sturnus vulgaris, MERKEL 1982 , P INXTEN et al. 1989 , older Great Reed Warbler males have more chance to become polygynous. Age may reflect either genetically based or phenotypically derived qualities, i.e. better survival through higher genetic quality (TRIVERS 1972 , HALLIDAY 1978 or through experience. We have not yet examined whether females actually prefer to mate with older males per se or whether this phenomenon occurs because older males arrive at the breeding ground first and settle in the most attractive territories. The latter is very likely, since several authors (URANO 1985 , DYRCZ 1986 , BENSCH & HASSELQUIST 1992 have shown that earlier arriving males have higher chances to become polygynous and HASSELQUIST (1994) found that older males settled in more attractive territories because of early arrival. Hence, as in the Pied Flycatcher (Ficedula hypoleuca, LUNDBERG & ALATALO 1992) , the correlationn between male age and mating success could result from females choosing the most attractive territories without regard to male age. Finally, we discuss the interrelation of male and territory quality and what territory quality might be. The discriminant analysis basically yielded similar results as an earlier study (CATCHPOLE et al. 1985) , though more variables had been included. Again the best measurement of habitat quality was the length of reed edge along open water, but the real importance of this factor for Great Reed Warblers is little understood. Edge length may be of significance in feeding ecology as well as for nest site requirements of the species. Food abundance, access to good foraging grounds, suitability of the vegetation for nest support and safety of the nest site have been established as critical components of territory quality (DYRCZ 1986 , 1988 , EZAKI 1990 , 1992 , LEISLER 1991 .
We could confirm that male song repertoire size was highest in polygynous males and CATCHPOLE et al. (1986) showed in indoor experiments that females preferred more complex songs. Song repertoire size seemed to be the most important predictor of male reproductive success (relative survival of offspring) and was the best predictor of a male's extra-pair fertilisation in a Swedish population (HASSELQUIST 1994) . Hence, repertoire size can be an indicator of a male's genetic quality, and female Great Reed Warblers may additionally get indirect benefits through good genes for their offspring.
It was rather surprising to find that polygynous males reacted less aggressively in a play-back experiment than monogamous and unmated males and that polygynists had the lowest testosterone levels both on day 1 and 35 days later. The problem with interpreting our results is that we do not have base line data about seasonal changes of the variables in our population. In many species, changes in androgen level and aggressive behaviour are seasonal, resulting in high peaks at the very onset of the breeding season. Thus, the behavioural and endocrinological differences of the three male groups may simply reflect differences in arrival and settling times, i.e. a general seasonal decline.
Females in our population seem to base their mate choice on both male characteristics and territory quality and these factors are positively correlated. Most factors seem to give direct benefits to the females (KIRKPATRICK & RYAN 1991) but indirect genetic benefits cannot be ruled out. Ecological conditions for polygyny seem not to be optimal in our study area (e.g. reduced food supply through unnaturally high fish abundance, rather low frequency of polygyny, harem size very seldom exceeding two females, frequent starvation of nestlings) but enough predictable differences in breeding situations seem to exist for females. We emphasize that additional longterm studies of Great Reed Warbler populations are of utmost importance.
